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PIAONOSINC CYSTIC FIBROSIS AND OTHER GENETIC 
DISEASES USING FLUORESCENCE 
RESONANCE ENERGY TRANSFER (FRET) 

Background of the Invention 
05 Cystic fibrosis (CF) Is the aost eeuon gonstie 

dlsordsr affsctlng eh* whits populstlon. Ths 
clinical manifestations of ths disease Include 
chronic pulaonsry disease, pancrsstle enzyae 
Insufficiency and elevated sveat electrolytes. 
10 Fstlents with CF usually succuab to ths pulaonsry 
disease by the second decode of life. Increasingly, 
pstients srs surviving into adult life, albeit with 
pulaonary and gsatrolntsstlnal problems. The 
prognosis of CF dspends entirely on its severity. 
15 age at first diagnosis end effective aanagaaent of 
■any coaplicstlons . 

Abnoraally high electrical potential 
differences hsve been detected across the epithelisl 
surfaces of CF exocrine tissuss. Ths fundaasntsl 
20 dsfeet has been associated with decreased chloride 
Ion conductance across the apical aeabrane of 
epithelial cells. Although progress has been aade 
in the Isolation of polypeptide coaponents of an 
epithelial chloride channel that aediates 
25 conductance, the relationship of the channel to the 
clinical syaptoas of CF has yst to be established. 
Despite extensive reosarch efforts, the basic 
blochealcal defect reaalns unknown. 

The incidence of CF in North Aaerieaa whites is 
30 approxlastely 1 in 25,000 births. This suggests a 
gene frequency of I in 50 and a carrier frequency of 
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about 1 in 25. Ths defective gene was linked to a 
DNA polyaorphisn in 1985, and localized to tha long 
era of human chroaoeoae 7 1 Subsequently, ecgaents 
of DNA closer to tha cystic fibroala gene vara 
05 identified, and DNA polymorphisms with particular 
alleles fraquantly aaaoeiatad with tha cystic 
fibrosis (i.e., linkage diaaqulllbrioa) vara 
reported. Tha cloning of tha CF (ana has baan 
rtporttd, and a three-baee ( three-nucleotids) 
10 deletion that raaovas phanylalanlna 508 froa tha 

1480 aaino acid coding raglon was ldantifiad aa tha 
nutation that cauaaa CF in tha aajority of caees. 

Historically, tha diagnosis of cystic fibrosis 
haa baan baaad on clinical findinga and tha 
15 biochaaleal abnoraalltlas in sweat. An incraasa in 
svaat electrolytes, accoapanlad by ona or aora aajor 
clinical featurea, vaa tha basis for diagnosis. 
Franatal diagnosis and carriar datactlon vara not 
poaaibla. 

20 Suaaary of tha , Invention 

Tha praaant invention ralataa to a aathod of 
datacting in DBA obtalnad froa an individual an 
abnornallty la DNA, auch aa that aaaoeiatad vlth CF. 
In particular, it ralataa to a aathod of dotactlng 

25 *« MA obtalnad froa an individual, a three ~nucleo- 
tlda or triplat dalation froa tha CF g ana vhich haa 
baan shown to ba aaaoeiatad with CF in approxlnately 
70% of all caaaa. Tha praaant invantlon furthar 
ralataa to probaa (DNA or EN A) uaaful in tha aathod, 
30 And applicable to othar ganatic diaaaaaa in which a 
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10 



15 



delation. Insertion, aodificetlon or substitution of 
on* or- sore bases in tha prlaary struetura of ths 
nornal DNA occurs . 

Tha aetbod of detecting an abnoraallty in a 
cystic fibrosis gene which is associated with or 
causative of cystic fibrosis relies on fluorescence 
reeonanea energy transfer (FRET) and can be carried 
out in DNA obtained (prenatally or postnatally) froa 
sa individual suspected of having or likely to 
develop cystic fibrosis or in DNA obtained froa an 
Individual thought to be a carrier. 

In the aethod of tbe present invention, a pair 
of fluorophore- labeled oligonucleotide probes is 
eoablned with DNA obtained froa an individual. The 
fluorescence energy transfer technique as related to 
hoaologous sequences was suggested by Boiler and 
Morrison, in Rapid Det ection end Identification of 
Infectious Agents. Eds. Kingsbury, J.J. and S. 
Falkau (Acadealc. New York,) pp. 245-256, and shown 
to be applicable to localisation of specific 
sequencea of DNA or RNA by Cardullo et al. . Proc. 
Natl. Acad. Scl. PSA. 85:8790-8794 (1988). The 
probes are eoapleaentary to the region of noraal DNA 
which corresponds to a region of DNA where an 
25 ebnoraal nucleotide aequenee exiats in a gene 
essoclated with or causative of cystic fibrosis. 
Hybridisation of both labeled oligonucleotide probes 
to DNA obtained froa the individual oecura only to 
noraal DNA aad is detected by aeasuring fluorescence 
30 resonance energy transfer. 

In particular, the invention relates to a 
aethod which Bakes use of s peir of fluorophoro- 



20 
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labeled oligonucleotide probes. One probe is 
eoaprlred of e nucleotide aequenee eoapleaentary to 
a region of DNA which la adjacent to an abnormal 
nucleotide aaquonca In a defective gene associated 
05 with or caueative of cyatic fibrosis. A aaeond 

proba la labalad with a dlffarant fluorophora (i.e., 
from that praaant on tha othar proba) and ia 
coaprised of a nuelaotida aaquanea eoapleaentary to 
tha ragion of noraal DNA corresponding to tha ragion 
10 froa which. In abnormal DNA, tha thraa nucleotides 
ara dalatad and a ragion of DNA directly adjacent to 
the region, but in the opposite direction froa that 
of the other probe. The fluorophorea are covalently 
bound to the probes and ara positioned on each probe 
15 such that when both probea ara hybridized to an 
uninterrupted aegaent of noraal DNA, the fluoro- 
phorea will lie adjacent to one another. 

Both probes will hybridize to DNA froa a noraal 
individual and the anergy of the fluorophore (donor) 
20 of one probe will tranafer to tha fluorophore 

(acceptor) of the aacond probe. When both probes 
are hybridized to an uninterrupted aegaent of noraal 
DNA, there will be an area between the probea 
lacking hybridization of eoapleaentary nucleotides, 
25 vhieh provides the apace for the fluorophorea to lie 
adjacent to one another and transfer anergy. This 
can be detected by fluoreacence reaonance energy 
tranafer (FIET) by aeasurlng the decreaaa in 
fluoreacence (quenching) of the donor fluorophore 
30 and the increaae In fluorescence of the acceptor 
fluorophora. If the energy tranafer occurs, it Is 
indicative of a noraal gene or nucleotide aequenee. 
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The probe which includes a nucleotide sequence 
complementary to the region of no reel DBA that 
corresponds to the abnoraal nucleotide sequence of a 
defective gene will not hybridise with DBA fro. an 
05 individual with cystic fibrosis. Consequently, 
there will be no energy transfer between 
fluorophores and no increase and decrease in 
fluorescence of the fluorophores occurs. The 
absence of energy trsnsfer is, thus, indicative of 
10 eystie fibrosis. Further, the confirmation of the 
presence of the CF gene can be carried out through 
the use of probes specific for the CF gene. 

The present invention offers several advantages 
over existing technologies. Current aethods of 
15 detecting the absence or presence of abnoraal 
nucleotide sequences releted to cystic fibrosis 
usually involve the burdensoae task of iaaobilizing, 
onto a solid support, the oligonucleotide probes 
used for capturing the nucleotide sequence of 
20 interest or saaple nucleotide sequences to be 
tested. This is needed because current testing 
aethods require the separation of hybridized 
nucleotide sequences froa non-hybridized sequences. 
The present Invention does not require these 
25 separation steps, sad consequently, iaaobilisatlon 
of probes or saaple nucleotide sequences is 
unnecessary. In addition, the use of solid supports 
is usually accoapanled by probleas of nonspecific 
binding of detector oligonucleotide probes to the 
30 solid support, resulting in inaccurate 

de te mine t ions of hybridization between the 
nucleotide sequence of Interest and detector probes. 
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Lastly, the present nethod does not require the uit 
of radioactivity, and consequently , Its troublesoae 
disposal. In suaaary, the present Invention la an 
accurate and sansitlva ■•thod of detecting abnoraal 
05 nuelaotlda saquaneas In tha cystic fibrosis genoae, 
which is also convenient and aafa. 

Brtaf Description of tha Drawings 

Figure 1 Is a scheaatic raprasantatlon of tha 
hybridisation of f luorophore - labeled nuclalc acids 
10 coapleaentary to distinct, but closaly spacad, 
saquaneas of a longar unlabalsd nuclalc acid. 

Figura 2 is a schaaatic raprasantatlon of ona 
aabodiaant of tha prasant invention. Illustrating 
tha usa of pairad fluorophore- labeled probes 
15 coapleaentary to noraal DNA wherein 1) the 

hybridization of both fluorophore- labeled probes 
with noraal DNA and tha resulting fluorescence 
energy transfer; and 2) the lack of hybridization 
with CF DNA of the fluorophore -labeled probe 
20 containing the nucleotide aequence coapleaentary to 
the region of noraal DNA correaponding to the 
trinucleotide deletion and adjacent 5' nucleotides 
of cystic fibrosis DNA and the lack of fluorescence 
energy transfer . 
25 Figura 3 la a schaaatic representation of one 

eabodlacnt of the present invention, illustrating 
the use of pairad fluorophore -labeled probea 
coapleaentary to CF DNA and shoving 1) the 
hybridization of both fluorophore -labeled probes 
30 with CF DNA and the resulting fluorescence energy 
transfer; and 2) the lack of hybridization with 
noraal DNA of the 
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fluorophore- labeled probe containing the nucleotide 
sequsnce eonplenentary to the ragion of CF DNA 
corrcepondlng to the trinucleotide dolotion and 
adjacent 5' nucleotides of eystic fibrosis DNA and 
05 the lack of fluoroseaneo energy transfar. 

Flgura 4 is a graphic rapraaantation of tha 
■odulation of fluoraacanca intansity upon 8-aer 
hybridisation at fixed nuabsrs of donor aolecules 
and ineroasing eoncantration of tha coaploaantary 
10 oligonuclaotldaa. 

Figura 5 is • grsphic raprasantation of tha 
transfar afficiancy of fluorescein and rhodaaina 
attachad to tha 3» ands of coaploaantary 
oligonuclaotldaa of various langths. 
15 Flgura 6 is a graphic rapraaantation of changaa 

in fluoraseoaea intansity of donor and 
acceptor- linkad 8-aars as s function of taaparatura. 

Detailed Daacrlotlon of tha Invention 

20 Tha praaant invention is a aathod of detecting, 

in DBA or *HA obtained froa an individual, a 
defective gene(s) associsted vith or causative of 
cystic fibrosis. The aethod is useful in diagnosing 
cystic fibrosis la an Individual and la deteralnlng 

25 whether aa individual is a carrier of the defective 
gene(s). The aethod utilises a pair of fluorophore- 
labeled oligonucleotide probes coapleaentary to the 
region of norasl DBA which correspoads to the region 
of DBA froa which , in DBA associated vith or causa- 

30 tive of cystic fibrosis, three nucleotides are 
deleted (i.e., the region In which an abaoraal 
nucleotide sequence occurs). The present aethod 
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relies on ■•<ni of detection of fluorescence reso- 
nance energy trans for as an Indicator of tho pre- 
aaneo or abaoneo of abnormal bHA. 

Hybridisation of two aoparato segments of DNA 
05 (i.e.. oligonucleotide probes) to adjacent regions 
of a third complementary a ingle atrand may be 
detected by non-radiative flaoreacenee resonance 
energy transfer, provided that two fluorophores with 
overlapping excitation and emission spectra are 
10 attached to the hybridising aegmenta of DNA and, 
once they are hybridised, the distsnce between the 
two fluorophores they bear la appropriate for FRET 
to occur. For example, the 3' end of one oligo- 
nucleotide can have a fluorescein covalently 
15 attached, and the 5' and of the other oligonucleo- 
tide can have a rhodamine covalently attached. This 
can be carried out, or example, a described In 
Agrawal, S., et al. , Nucleic Acids Res. . 14: 
6227-6245 (1986); Tot Lett. . 31:1543-1546 (1990); 
20 Nucleic A cids Res. . 18:5419-5423 (1990) and Bason, 
F.C., et al.. Methods in BnavnologY - 168 :753-761 
(1988). The teschings of both of these references 
are Incorporated heroin by reference. The excita- 
tion and eaiaslon spectra for the fluorophores used 
25 for labeling the two probes aust overlap. With the 
two fluorophores mentioned above, the excitation 
wavelength for fluorescein (472 mm) will excite an 
amission wavelength of the rhodamine at 577 nm. An 
important consideration In selecting or designing 
30 probes or oligonucleotide sequences is the distance 
which will separate then once each hybridises to the 
region of the longer DNA sequence to which it is 
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coapleaentery. In general, the closer the tve 
fluorophores art to on* another . tho greater will bo 
tho energy transfer. Maxiaal separation is approxi- 
aately 30-75 angstroas. Thus, s distance repre- 
05 sented by 4-6 bp for two segaents of DNA hybridizing 
to a third eoapleaentary uninterrupted aegaent vould 
represent an acceptable proxlalty of the fluoreaeeln 
and rhodaaine f luorophores . The acceptable basepalr 
distances between other pairs of fluorophores can be 
10 deteraiaed experiaentally by one skilled in the art. 

One eabodiaont of the preaent invention relates 
to the detection of the segaent of DNA froa a cyatic 
fibrosis gone in which the genetic deletion (-TTT-) 
occurs on chroaosoae 7. The detection of this 
15 deletion can be carried out as follows: Two probes 
are used: one probe (a first probe) which is 
approxlaately 20 ollgonuclotidea In length, which la 
eoapleaentary to the cystic fibrosis gene and 5' to 
the deletion, and labeled with fluorescein (e.g., by 
20 cttaching fluorescein by a linker to tho 3' and of 
the oligonucleotide DBA sequence) and another probe 
(a second probe) which is a hesaaer eoapleaentary to 
the nucleotide sequence of the -TTT- deletion and 
the adjacent three nucleotides in the 3» direction 
25 and is labeled with rhodaaine attached to its 3* 
end. 

Baon 10 of ehroaoeoae aeven, ae doeerlbed by 
leardon, J.I., at al. , ( Science . 243:1066-1073 
(1989)) is isolated froa a noraal genoae and froa a 
30 cystic fibrosis genoae. Uslag conditions detailed 

in Cardullo, E.A.. Proc. Hatl. Acad. Sel. , nsa, 83: 
8790- 8794 (1988) , the coaponents to be hybridised 
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ara coabined: 1) Exon 10, 2) a 20-aar coapleaentary 
to the CCC-ACC-ATT-AGA-CAA-AAT-AT portion of tho 
gene and bearing a 3'-teralnal fluorescein aoleeule, 
and 3) a hexaaer coapleaentary to TTI-CCT and 
05 bearing a 5'-teraiaal rhodaalne aoloeulo. Thoro 
will bo two foraa of Exon 10: ono froa a noraal 
gonoao and a ooeond froa a cystic fibrosis genoae. 
Tho rasgsnts or eoaponenta aro eoabinod at a teapor- 
aturo appropriato for hybridization of ollgonueleo- 
10 tides of tho length nood to occur (e.g., 20*C). At 
this toapsratvro. during tho hybridization reaction, 
tho fluorescein is aacited using a laser beaa of 
approxlaately 472 na. With the 20-aer hybridized to 
the specific sequence of the genoae, the fluorescein 
15 end rhodaalno will be la close enough proxialty to 
porait the fluoresceace energy transfer. Thus, a 
rhodaalno eaission arouad 577 na will occur In the 
noraal genoae segaent. 

As Illustrated in Figure 2, the rhodaalno •AACCA 
20 hoxaaor will be hybridized to the -TTTCCT- segaent 
of the noraal genoae. This results- in energy 
transfer froa fluorescein to rhodaalno and 
fluorescence eaission froa rhodaalno. In the case 
In whleh OVA being analyzed is altered (i.e., in 
25 this case, contains the trinucleotide deletion), as 
also illustrated la Figure 2, there is no -TTT- 
trinucleotlde, due to the gene tie deletion. 
Hybridization of the rhodaalno -labeled hexaaar 
(rhodaalna-AAA-CCA-5') with the segaent of the 
30 cystic fibrosis genoae alssing the -TTT- cannot 
occur. At the hybridization tenporaturs chosen 
(e.g., 20*C), the three aeabers of the probe 
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eoapleaentery to chroaoaoaal DNA will net hybridize 
•ff aetlVely with a coaploaentary trlaer. 

Therefor* , Exon 10 froa a norael gene will give 
a rhedaaln* fluorescence energy transfer, while Exon 
05 10 froa a cystic fibrosis gene with a -TTT- deletion 
will fail to give the rhodeaioe fluorescence when 
subjected to the nucleic acid hybridisation proce- 
dure described above. 

As illustrated in Figure 3, detection of the 
10 cystic fibrosis defect is aceoaplished by eaploylng 
the labeled probe 5'-ACCCAT, completely hybridisable 
to the sequence 5»-ATCCCT of the cystic fibrosis 
genoac. In the ease of the noraal genoae, however, 
the ATC6CT encounters e aisaeteh and doee not 
15 hybridize at 20*C. The FRET energy is. therefore, 
not transferred froa fluorescein to rhodaalne end 
the rhodaalne eaission spectrua is not activated. 
The probes aey be longer then a hexenueleotld* . 

The detection of any known defect in e nucleo- 
20 tide sequence of a gene(s) relating to cystic 

fibrosis can be eehieved using a pair of two oligo- 
nucleotide probae: 1) a first probe eoapleaentary 
to an area of DMA adjacent to the known defect In 
the nucleotide sequence of a gene(s); and 2) a 
25 second probe eoapleaentary to: a) a region of noraal 
DNA corresponding to the region in which the known 
defect in the nucleotide sequence of these genee 
occura, and b) a region edjeeent. In the opposite 
direction of the first probe, to the defect-con- 
30 telnlng region. Each probe is labeled with a 

fluorophore and the fluorophores on the two probee 
are different froa one enother. The fluorophoree 
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ean ba attached to tha 3' or 5' and of eltbar probe; 
bovovar, tba aetaebaant of tho fluoropboraa aust ba 
aatched in such positions that when hybridisation 
occurs between the two probes and an uninterrupted 
05 segaent of DNA, tho two fluorophoros of tho probos 
arc adjacent to one another. When both probes are 
hybridised to an uninterrupted eegaent of noraal OHA 
from a saaple, there will be an area between the two 
probes which lacks hybridisation of coapleaentary 
10 nucleotides. In this area, the fluorophoros of the 
. two probes lie adjacent to one another. The 
distance between the two fluorophoros aust be 
sufficiently close to allow the efficient transfer 
of energy between the two fluorophoros but not so 
X5 close as to cause sterlc hlnderance between the two 
probes upon hybridisation. The excitation and 
Mission spectra of the different fluorophoros aust 
overlap to achieve energy transfer. One fluorophore 
acts as an energy donor and the other acts as an 
20 • Mr *T scceptor. When in proximity to one another , 
which occurs with hybridisation of both probes, the 
fluorescence of the energy donor decreases as the 
fluorescence of the energy acceptor Increases. 
Exaaples of such fluorophoros are fluorescein and 
25 rhodaaiae. 

Frobes useful in the preeent aethod can be aade 
using genetic engineering techniques or can be 
syntheslsed chemically, such as by the phosphoraal- 
dlte aethod using a coaaerclal OHA synthesiser and 
30 l~eyanoethyl phosphor aaidi to. 

Freparatlon of f luorescently labeled oligonu- 
cleotide probes can be achieved by derivatisation of 
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th* desired sad to be labeled and subsequent attach- 
■•at of. the fluorophera. Briefly, for 3' fluoro- 
phoro labolod oligonucleotide' probes, an aainohexyl 
llakar can bo introduced onto tho 5' and of tbo 
03 oligonucleotide by tho no* of an antra cycla of 
phoaphoranldlte synthesis (9-flnoroayl) aethooxy- 
carbonylaalaohexyl B-eyanocthyl MB-dllsopropylaalno 
phosphite in tho coup 11 ii j reaction aa described by 
Agrawal. S. at al. , supra, and Bason. B.C. et el.. 
10 supra. After reaovel of protective groups with 

coneontrated aaaonia solution, the aalaohosyl linked 
oligonucleotide can be puriflod by reverse- phese 
high pressure liquid chroaatography (HPLC) . 

The 3» end derive tixatlon of oligonucleotides 
15 with sn aalno group can be based on estabtlahed 
choalstry for 3» end labeling of RHA. such as that 
described la 2aaecalk. B.S. et e£. . Proc. of the 
Batl. Acsd. Sciences PSA 46:811-822 (I960); Booker, 
T.B. et al. , Huclelc Acids Bos, - 3:363-384 (1978), 
20 the teachings of which are hereby incorporated by 
reference. To adapt thla choalstry for labeling 
DBA, synthesis of the dealred ollgonuclootlda 
sequence can be aarrled out on 3 • -dlaethoxytrityl- 
-3'<2')-aeetylrlbonucleoside2'(3')- linked to 
23 long-chain alkylaalao controlled-pore glass support 
(20aM/ga). After the synthesis, protecting groups 
can be reaoved la coacentrated aaaoaia. Crude 
oligonucleotides can then be oxidised with pyrldste, 
reacted with 1.6-dlealnohexane. and reduced by 
30 sodiua eyaaeborehydride as described la Agrawal, S. 
et al. aad Booker. T.B. et al. The ealno- oligonu- 
cleotide, cen be purified by reverse phase HPLC 
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beeeuse they are retarded to a significantly greater 
extent- than underivetlssd oligonucleotides. 

Aetachaenc of fluorescein, using fluorescein 
leothioeyaaate. or tetraaotbyl rhodealae, using 
05 eatraaacbyl xbedaalaa lsetbleeyanats . to eba 

derivetizsd ellgonuelaetldas and aubssqusac purifi- 
cation can ba earrlad out aeeerdlag to tba proce- 
dures dsscrlbod la Agraval, S. « il. sad Easoa. 
P.C. at al. . supra. 
10 Tba prasaat aetbed can laeluda tba following 

stops: 1) obtalalag froa aa individual a saaplo to 
bo aaalyzad; 2) treatlag tba aaapla to reader 
aueleic aeida present available for hybridisation 
with coapleaeatary nucleotide eequoacea; 3) coa- 
15 bialag tbe treated aaapla aad a pair of appropriate 
fluorophore-labeled ollgoauclsotlde probes, under 
conditions appropriate for hybridisation of coaple- 
aentary sequences to occur; and 4) deteraiaiag 
whether fluoresceaco reooaaaee eaergy traasfer 
20 occurs. A lack of energy transfer Is Indicative of 
cystic fibrosis. 

The present aethod can be used on DBA froa a 
variety of tissues. For ezaaple, a saaplo can bo 
obtaiaed prenatal ly by aaaloeoatosls or postaatally 
25 by surgical biopsy. Once obtained, the saaplo is 
treated la such a aaaaer that the aueleic acids 
preseat la tbe saaplo are evallable for hybridisa- 
tion with coapleaeatary aueleic acid sequences, 
which are the selected oligonucleotide probes 
30 described above. For ezaaple, a saaple eaa be 
created with aa ageat which disrupts the cellular 
aad aolecular structures of the tissue. Cells eaa 
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be disrupted using cbcotroplc agents which disrupt 
tha aoleeular structure af the tlseue. That is, the 
agent deneturea tha eeeondary, tertiary and/or 
quarternery structures, of biopolyaere, including 
05 proteins, nuclaie aeida. polysaccharides which ara 
generally faund in bielagieal apaeiaana. Bxaaplee 
af ehaotrapia aganta ineluda ehaotrapie aalta (e.g., 
guanidiniua chloeyenata) , hydralytie anzyaaa <a.g., 
prataaaaa) and caapaunda that diarupt hydrophabie 
10 intaractiana (a.g, aadiua dadaeylaulf ata , phanala, 
diaathylfaraaaida, dine thy leulf oxide, tetreaethyl- 
uraa er guanidiniua hydraehlarida. Phyaieal or 
aachanieal aaana of disrupting aolacular atrueturaa 
(a.g., baad baadiag and aanieatian) can ba uaad ta 
15 ralaaaa nuclaie aeida. If necessary, nueleie eeids 
present in tha tiaaua aaapla and raleaaad froa it 
can ba treated further to enaure that they are 
•▼•liable for hybridisation with coapleaentery 
nuclaie aeld eequeaeee (e.g., by heating to render 
20 double atrandad sequencee alngla atranded). Aganta 
and teehniquea that diarupt aolacular structures can 
ba ueed elngly er in varloue eoablnationa for thla 
purpoae . 

After the nueleie eelda are rendered available 
25 for hybridisation, the eaapla le eoablaed with a 
pair of oligonucleotide probea aa described above, 
which hybridise selectively to the region of no rue 1 
DBA vhleh corresponds to the region of DBA where a 
known defect exieta in tha nucleotide eequenee(a) of 
30 e gene (a) aaeociated with or causative of eyatle 
fibroaia. 
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Th* optiaua teaperature for hybridization of 
both oligonucleotide probee to aaapla nucleic acids 
will depend on tha nuclaotlda length of both probaa 
and can ba dataralnad axpariaentally by aoaaona 
05 afcillad In tha art. Flgura 6 illuatrataa tha 
aalting teaperature (T^) for hybridization of 
unaodifiad oligonucleotides, and of oligonuclaotldaa 
vlth aodificatlona at tha intarnuclaoalda phos- 
phates. A 20-aar unaodifiad daoxyoligonoclaotlda 
10 haa a T M of 66 # C; while a trtaar unaodifiad dcoxy- 
ollgonuelaotlda haa a of approxlaataly 5*C. 

Tha aathod of tha praaant invantion can ba 
carriad out In auch a aannar that hybridization 
oceura In an aqueoua anvlronaant without tha naad 
15 for a aolid support. Tha traatad aaapla la praaant 
in a liquid preparation, auch aa a phylologlcal aalt 
solution. Tha oligonucleotide probaa ara alao 
praaant in a liquid preparation. Tha two prepara- 
tion ara coabined, to produca a saaple-probe 
20 conbination. Thla raaulta in contact betveen 

nucleic add aaquancaa praaant in tha aaapla, and 
tha oligonucleotide probaa. If nuclaotlda aaquancaa 
which ara coaplaaantary to tha aalactad aat of 
nuclaic acid probaa ara present 9 hybridization will 
25 occur. 

Dataction of hybridization ia carriad out by 
axpoaing tha aaapla to a wavelength approprlata for 
axcitatlon of tha donor fluorophore. For axaapla, 
if tha donor fluorophora ia fluorescein, a 
30 wavalangth of 472 na la used, Tha anargy froa tha 
axcitad fluorescein la trans farrad to tha accaptor 
fluorophora. auch aa rhodanine. Tha fluoraaeanca 
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eaission wavelength of the aeetptor fluorophore is 
then iMfurid. Typically, th. background fluores- 
cence lntanalty of phoaphata-buf farad aallna solu- 
tion la dacaralnad. To thla aolutlon. quantities of 
05 donor labalad or unlabeled oligonucleotides in 

phosphate-buffered aallna ara addad In atapa and the 
flttoraaeanca lntanalty ia determined. Ollgonueleo- 
eidaa containing aeeaptor fluorophoraa ara than 
addad In voluae atapa. Bnargy tranafar la obaerved 
10 by both quenching and acceptor anhancaaent. Trana- 
far efficiencies ara dataraiaed froa tha quenching 
data. Thla involvee correcting tha data for dilu- 
tion and for quenching by unlabeled coapleaent. 
Thua. If Q d u end Q ) , f ere the quenching obaerved 
for unlabeled and labeled eoapleaentc. tha tranafar 
efficiency la given by « t -CQ 4i .-Q 4tU )/(X-Q d ) . 
Aeeaptor labeled eligonueleocidea ere edded'until E 
ie conatant. The degree of quenching of the donor ' 
fluorophore and excitation ealaalon of tha acceptor 
fluorophore ara deteralned for eech eeaple and 
coapered. Leek of hybridize tlon between 
oligonucleotide probaa end eeaple nucleic eelds le 
detected by the absence of quenching of the donor 
fluorophore end absence of an enhanced eaieslon 
25 epeetre of the eeeeptor fluorophore. Horael aeaplea 
and eeaplee obtelned froa lndlvlduale suspected of 
hevlng eyecle fibreelS or being e cerrler of e 
cystic fibrosis gene ere coapered. 

The FRET technique een be uaed for the 
30 dlegnoaia of other cellular diseases Involving DBA 
or MA, in which nucleotide deletions, chengee or 
edditione occur. For exenple, Fealllel Hypertrop hic 



20 
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Cardiomyopathy in eh* ft cardiac HHC gene, axon 27 
hes a replacement of an alanine by a carina residua 
at en* position. T in a codon takes the place of an 
A, thus, converting the coding sequence froa 
05 GCC(ala) to TCC(ser) (Tanigawa, C. et al.. Cell . 
62:991-998 (1990)). 

In Myoclonic Epilepsy and Ragged-Red Fiber 
Diaeese (MXRJLF) a nutation occurs at nucleotide pair 
8344 in the mitochondrial DBA in the tftHA lys T9C 
10 loop, with an A-to-G transition natation (Shoffner, 
J.M. et al.. Cell . 61:931-937 (1990)). 

In Albright's Hereditary Osteodystrophy, the 
0,9 gene, contains in anon 1 an A-to-G transition at 
position +1 In the B^n allele. This nutation 
15 converts the initiator ATG (aethionine) codon to CTG 
(valine), thus, blocking initiation of translation 
at tho nomal sit* (Patten, J.L. et al. , H.E.J. Med . 
322:1412-1419 (1990)). 

In th* dissas* character iz*d by a deficiency of 
20 lipoprotein lipase (LPL) activity, known as 

^Setheada' *■ * »ingle base substitution, G 

- A, at position 781 in the fifth anon, which 
results In an Ala - Thr substitution at residue 176 
of LPL (CCA beeoaes ACA) (Beg, O.U. et al. Proc. 

25 Hatl. Acad. Scl. USA . 87:3474-3478 (1990)). 

In the disease known as Achondrogenesis, there 
is a heterozygous single exon deletion in the type 
II procollagen gene (C0L2A1). A single base change. 
C - A occurs in exon 51 of the B.FLP (♦) allele and 

30 results in a glycine to eerlne substitution at aaino 
acid position 191 in the C-propeptlde of type II 
procollagen. A second substitution occurs at the 
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100 th nucleotide of •sen 46. and converts the normal 
glycine codon at position 943 . (GGC) to serine (ACC) 
(Vissing. H. et si. , J. Biol. Chen. . 364:18265-18267 
(1989)). 

05 In Tsy-Ssehs Disease (C M2 gengllosidosis . type 

1) three point sutatlom bsve been identified (for s 
rerlew. eee Trlggs -Rains . B.L. et si., H.E.J. Wed. . 
323:6-12 (1990). In one of these a four bass pair 
insertion occurs in sson 11, accounting for 

10 epproslnetely 70 percent of the cases of infantile 
Tay-Sache disease in Ashkenesl Jews (Myerowltz, R. 
and F.C. Costigsn, J. Biol. Ch«n . 263:18367-18569 
(1988)). 

In heaophllle A, the codon for arglnlne (CCA) 
15 at aalno acid 2135 is nutated to the stop codon TCA 
(Youesoufian, H . et el. , Nature. 324:380.382 
(1986)). 

In sickle cell anenla in the B S -globln chain, 
there is a substitution of A for T at codon 6. This 
20 nutstion chsnges the codon GAG (Glu) to GTC (Vsl) 
(Antenarakis , S.E. et al. , Hua. Genet. . 69:1-14 
(1985)). 

A list of 16 diseaeee in which point autatlons 
have been Identified is glvsn in a review of genetle 
25 disorders at the DHA level by S.B. Antenarakis 
(Antenarakis, S.B., H.E.J. Med. . 320:133-163 
(1989)). In addition to thoee mentioned 
specifically above are Gaucher'* disease 
hypobetalipoprotelneaia, Ostsogeneels laperfects 
30 sssoelsted with s frsaeshlft nutstion. Gyrate 

etrophy. Dlabetee aellitus due to abnoraal insulins. 
Hereditary psrslstence of fetel heaoglobln. 
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Phenylketonuria, a^Anti trypsin deficiency, 
a- Thalassemia, Familial hypercholesterolemia , 
Ornithine transesrbamylase deficiency, Hemophilia B 
and Hemophilia A* 
05 in principle, wherever a point mutation has 

been Identified in a genome, it preeents an 
opportunity to compare the hybridisation Tme of 
email segments of a normal genome and of a dleeaee 
altered genome by means of the FRET technique, and 
10 to diagnose the point mutetlon by an alteration In 
the Tn of the affected ae compared vith the normal 
genome segment. 

When a single base deletion, alteration or 
insertion occurs in the diseased state, the 
15 hybridization association difference between the 
perfectly matched hybrids and those vith 
mismatch (es) can be magnified by lowering the 
hybridisation temperature. Thus, for example. In 
the early experiments defining the particular 
20 trinucleotides coding for individual amino acids, a 
hybridization temperature around 4 # C was used, in 
order to induce effective hybridisation vith 
trinucleotides. At 37*C a trinucleotide will not 
hybridise effectively with its perfectly matched 
25 base complement. 

The invention is further illustrated by the 
following specific examples, which are not Intended 
to be limiting in any way. 
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EXAMPLg 1 Effect of Accentor Concentration on 
Trimftr Bffleloney 
The coaching, of all ecieatlfic publication, 
eltod la .11 exaaples hereia aro horoby lacorporated 
05 by roforoaeo. 

Flnorooeoaeo aoasuroaoat* voro aado la • 
Parkin-Blear opoetrof luorlaotor equipped with a 
teaperature eoatrollod eheaber oad Glen-Thoapaoa 
polarizer. Tbo oxeltatlon vavalangtha uood for 
fluoreeeeln aad aerldlao oraage voro 472 na and 503 
aa. reapectlvely. Tbo oalaaloa vavalangtha uaod for 
fluor.ocoln. aerldlao oraaga aad rbodaalaa voro 517 
aa. 522 na aad 577. aa, raapoctlvoly. 

Iho background fluoroacanca lacaaalty of 85 M l 
of phoephate-buffered aallao (PBS: 0.138 a 
»aCl/0.01 a phoaphete. pH 7.2) la a 200 »i quartz 
cuvette (optical aolutloa path loagtb - 0.3 cm) vaa 
deteralaed. To tbla cuvotto, 15 al of approxlaately 
5 aH donor-labolod or ualabolod ollgoauclootldoa la 
PBS vaa addad la 5 Microliter atapa aad tbo 
latoaalty vaa deteralaed. Ollgoauclootldoa 
containing acceptor fluoropboro vaa tboa added la 5 
nl a taps. Eaargy traasfar vaa obaorvod by doaor 
quoncbing aad acceptor eahanceaent. Traaafer 
affleleaeioa vera deteralnod froa tbo queachlag 
data. Thle lavolvod correcting tbo data for 
dllutloa aad for quoncbing by unlabeled coaploaent. 
Iaaer filter effeeta vero negligible . Taue, If Q 
aad Q d a are tbo queacbiag obeerrod for tbo 
aoalabeled aad labeled coapleaente. the traaafer 
efflcieaey la glvaa by the follovlag equatioa: 

E t - CQ *..-V«>'< l -V»> 
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Acceptor-labeled oligonucleotides were added until 
E c was constant. Experiaents vera ptrfomtd At 5*C. 

To deteraine the aaxiaua efficiency of transfer 
between donor end acceptor fluorophoree attached to 
05 oligonucleotides, the eaisslon spec true of eceeptor 
was followed as a function of increasing acceptor 
concentretion at a fixed nuaber of donor aolecules. 
The first experiaente were perforaed using two 
coapleaentary oligonucleotides with donor and 
10 acceptor fluorophoree attached at either end of the 
hybridized coaplex. Attachaent of fluorescein, 
using fluorescein isothlocyenete, or 
tetraaethylrhodaaine using tetraaethylrhodaaine 
isothlocyenete , to the derlvatlzed oligonucleotides 
15 and subsequent purification were carried out 
according to the aethods of Agrawal, S. at al, . 
supra, and Ens on f P.C., supra. One oligonucleotide 
had fluoreecein attached to its 5' end (donor) 
whereas the other coapleaentary nucleotide had 
20 rhodaaine attached to its 5 # end (acceptor). 

Quenching and transfer efficiency were deteralned 
for oligonucleotides containing 8 nucleotides , 12 
nucleotides and 16 nucleotides, 

Ae shown in Figure 4 B eaisslon spectra are 
25 presented ee a function of lncreaeing 

rhodaaine -linked 8-aer concentration to a fixed 
nuaber of fluorescein- linked 8-aer aolecules. Ae 
the aaount of rhodaaine -linked 8-aer was increased, 
there was a decreaee in fluorescein ealeelon 
30 Intensity (517 na) and an Increase in rhodaaine 

eaisslon intensity (577 na) . Saturation of both the 
fluorescein quenching and the rhodaaine enhanceaent 
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occurred when the ratio of acceptor to donor 
exceeded 2:1. Tho aoxlaua quenching of fluorescein 
upon caturatlon v.i 0.63 in tho preccnee of donor 
and acceptor, tfhon tho experiment vae repeated with 
05 fluoreecein- linked oligonucleotide* and it* 

unlabeled coaplenont, fluoreecein aalssion intenelty 
wae quenched 0.26 froa ite aaxlaua value with no 
detectable lacreaae in Intenelty at 577 na, aa ebown 
in Figure 4. Thue. fluoreecence waa aodulated in 
10 three way a upon hybridization: a decrease in 

fluorasceln eaisslon upon binding to an unlabeled 
eoaploaentary oligonucleotide, a larger decreaee in 
fluorescein eaisslon Intensity upon binding to a 
rhodaaiae- linked eoaploaentary oligonucleotide, and 
the detection of rhodaaine ealaelon Intensity upon 
binding to a rhodaaina- linked eoaploaentary 
oligonucleotide. The first phenoaeaon represents a 
quenching of the fluorophore upon binding to its 
unlabeled eoapleaent. while the latter two pheaoaene 
represent modulation of fluorescence Intensity due 
to energy transfer. The degree of fluorescein 
quenching due to energy transfer alone waa 
calculated froa the above equation. In the caae of 
the 6-aer, the tranafer efficiency between 
fluorescein and rhodaaine wee, therefore, about 0.5. 

Coaparable experlaents using 12-aers and 
16-aers were alao perforaed, the reeulta of which 
are sbowa la Table 1. In general, the aaount of 
quenching in the abeence of acceptor waa independent 
of chain length and had a value of 0.26 ± 0.02 for 
all oligonucleotides (aeen ± -SD for 4 deteraina- 
tions of eeeh n>aer, where n - 8, 12, or 16 
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nucleotides) . In the presence of rhodaaine- linked 
coapleaantary oligonucleotides , the degree of 
fluorescein quenching due to energy transfer alone 
decreased with increasing chain length. As shown in 
Figure 3, hybridization was conplete for all three 
chain lengths at an acceptor/donor ratios, no 
Modulation in the corrected fluorescein or rhodaaine 
signal was observed. Subsequent experiaents using 
these oligonucleotides vere done at an 
acceptor/donor ratio of 4:1 to ensure that 
hybridization vas coaplete. 



15 



Wtll 


amemmi fcrODNTs of dtaiDtaffh* 


nkmktctOVHTwm***** 




a 


. to 








$ 

22 
H 


fcfSsMtt 
t423±t<D0 
0395**017 


Ol205*OiQU 
OJ65*Ol013 

0l2«2*0lO23 


0JW*0iO5 
01215*0402 
0*45*0411 


0J9*0J2 
L24 *0A5 

uo*aio 




MMttlSDft 




tts.teE4s.IaBd2.SBbm 
bcMODHT. 


putr.aodo 











EXAMPLE 2 Effsct of Ttap«ritur> on Transfer 
20 Efflclancv 

Ths offset of tsapsrsturs on hybridization was 
also follovod for diffaront chain lsngths (8, 12 and 
16-asrs) at saturating eoneontratloas of 
aecaptor-linkod ollgonuclsoeldo. Ths rosultlng 
25 Mltiaf tsapsrsturss (T^) , dsfiasd as ths aldpolnt 
▼alusa of fluorssesln qusnehing or rhodaalns 
•nhsneeasnt ovsr a tsapsrsturs rangs of 0-60'C, vors 
eoapsrsd with absorbones values that srs at 260 na. 
Abovs 50*C, thsrs vas no fluorssesln qusnehing nor 
30 dstsetabls rhodsalns signal. As ths tsapsrsturs vas 
lovsrsd, ths fluorssesln Intsnsity dserssssd and ths 
rhodaalns Intsnsity inersassd in a sigaoldsl aannsr 
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as shown by (o) in Figure. 6, indicating an increase 
in transfer efficiency with the rhodeaine acceptor 
attached to the coapleaentary 8-aer. This agreed 
well with the abaorbence data, which showed a 
05 characteristic slgmoldal decrease in A 260 with 

decreaaing teaperature, indicating hybridization of 
coaplenentary nucleotides. In addition, there waa a 
concurrent increase in rhodaalne ealsslon intensity 
(o). 

10 In general, there waa no significant difference 

between T^ values obtained by fluorescein quenching 
and by decreased A 260 signal with decreasing 
teaperature. The T B values obtained by fluorescein 
queneblng were 23. 8 ± 4.2-C, 38.3 ± 4.5»C, and 47.2 

15 ± 5.2'C for the 8-aer. 12-aer and 16-aer, respec- 
tively (aean ± SD for 4 deteralnations) . By 
conpariaon, the values obtained by a deereaae in 
A 260 w#r# 2 *- 5#c . «nd 46.0»C (for the 8-aer. 

12-aer and 16-aer, respectively). Hence, in all 
20 cases, the determined by fluorescence was within 
3% of the T u determined by A 26() . 

"AWM * Hybridisat ion of Two Labeled 

Oligonucle otides to a Coanleaentary 

25 Experiments were alao perforaed with two 

fluorescently labeled oligonucleotides hybridised to 
a longer coapleaentary strand as scheaatlcally 
Illustrated in Figure 1. When these three strands 
hybridized, only 4 bases separated the fluorescein 

30 donor froa the rhodaalne acceptor. As in Example 1, 
quenching of donor fluorescence by energy transfer 
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incraasad to saturation with acceptor conctntrttion. 
Tabla 2, Una a, ahowa tha raaulta of thaaa 
axparinants. In tha praaanca of f luoraacaln-labalad 
oligonuclaotldaa and unlabalad oligonuclaotidaa 

05 hybridlzad to tha 29-asr, tha quanching of 
fluoraaeain aaission was about 0.27. In tha 
praaanca of rhodaaina accaptor, tha quanching was 
anhancad to 0.71 and thara waa a larga fluoraaeanca 
signal at tha rhodaaina paak (577 nn) . Hanca, tha 

10 tranafar afficiancy, givan by tha abova aquation in 
Exanpla 1, waa about 0.6. 

TaNt2. QancttvaadtrvsftralSeMeyor t«* 22am ancfatf lo a 2*aar (Knt A) asd of 
two fryfaridaai ttawn a tat pmcact of atritftnt on&gt (fiat B) 

0u g i */** ~ 

15 A 0.7122*021 fcZK*0412 0*0 ±0017 tftta&OU 

B tJPaflLfln sjotsojw aJ»±aoi6 — 

EQUIVALENTS 

20 Thoaa akillad in tha art will racognlza, or ba 

abla to ascartaln using no sort than routlna 
axparinantatlon, aany aqulvalanta to tha apaciflc 
aabodlaant of tha invantion daacrlbad apaclflcally 
harain. Such aqulvalanta ara lntandad to ba 

25 anconpaaaad In tha acopa of tha following elalaa. 
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CLAIMS 

L. A pair of oligonucleotide probes, vhorola: 

•) * flret oligonucleotide probo la coapriaed 
of a nuelooeido aequeaee which hybridizes 
to a regloa of huaan ehroaosoaal DNA 
adjacent to a rogloa la which ae 
altaratloa associated with cystic fibrosis 
occurs and Is labalad with a fluorophora 
at tba aad which, upon hybridization to 
tha region of huaan chroaoaoaal DNA, la 
closer to the region in which the 
alteration occurs; and 
b) a aeeoad oligonucleotide probo la 

eoaprlaed of a nucleotide sequence which 
hybridizes to the region of noraal huaan 
chroaoaoaal DNA which corraspoads to the 
region la which the alteration associated 
with cystic fibrosis occurs and is labeled 
with a fluoropbore at tha aad which, upon 
hybridization to the region of huaan 
chroaoaoaal DNA, is closer to the first 
probe . 

2. A pair of oligonucleotide probes , wherela: 

•) a first oligonucleotide probo is eoaprlsed 
25 of a nucleotide sequence which hybridizes 

to a rogloa of huaan ehroaosoaal DHA 
adjacent to the 5' end of the regloa where 
the trinucleotide deletion of chroaosoae 
seven associated with cystic fibrosis 



15 
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occun and is labeled with a fluorophore 
at the 5 # and; and 
b) a eecond oligonucleotide probe coaprised 
of a nucleotide sequence which hybridizes 
to the region of noraal human chroaosoaal 
DBA which corresponds to the region where 
the trinucleotide deletion of chroaosoae 
seven associated with cystic fibrosis 
occurs and Is labeled with a fluorophore 
10 at the 3' end. 

3. A pair of oligonucleotide probes , aach 

coaprised of a nucleotide sequence and a 
covalently bound fluorophore: 
a) 3»-CC6 TCC IAA TCT CTT TTA TA FL-5* 
15 b) 3' -PL AAA CAA-5', wherein the fluorophore 

(PL) covalently bound to one probe Is a 
donor fluorophore and the fluorophore 
covalontly bound to the other probe Is an 
acceptor fluorophore. 

20 4. A pair of oligonucleotide probes of Clala 3, 
wherein the donor fluorophore is fluorescein 
and the accaptor fluorophore la rhodaalne. 

5. A aetbod of detecting in a saapla a defective 
25 gona associated with or cauaative of a disease, 

eoaprlslng coablning tha saapla, treated so as 
to render nucleic acide present in the saapla 
available for hybridisation with coapleaentary 
oligonucleotida probes, under appropriate 
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conditions, with » pair of fluorophoro- labeled 
oligonucleotide probea, wherein: 
•) a first oligonucleotide probe is coaprlsed 
*f a nucleotide sequence which hybridizes 
to a region of huaan chroaosoaal DNA 
adjacont to a raglon In whleh an 
alteration asaoelatad with aald dlsoaao 
occur, and la labalod with a first 
fluorophoro at tha and which, upon 
hybridisation to tha region of huaan 
chroaosoaal DNA, la clear to tha region 
In which the alteration occurs; and 
b) a second oligonucleotide probe Is 

eoaprioed of s nucleotide sequence which 
hybridises to the region of noraal huaan 
chroaosoaal DNA which corresponds to the 
region in which the alteration associated 
with said disease occurs and is labeled 
with a second fluorophoro at the end 
whleh, upon hybridization to the region of 
huaan chroaosoaal DNA, Is closer to the 
first probe; and separated by a distance 
»hlch allows the efficient transfer of 
•norgy between the first snd second 
25 fluorophoro . 

6. A aethod of Clala 3, wherein hybridisation of 
eoapleaentary nucleotide sequences Is dotoeted 
by deteralnlng fluorescence resonance energy 
transfer. 
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A nathod of CI Ala 5 wherein, upon 
hybridization, the two oligonucleotide probes 
are eeparated optimally by a dietance of two to 
four nucleotide baeee, with longer and ehorter 
distances being aeeaptabla aa long aa anargy 
tranafar occurs. 

A aetbod of dataetlng in a aanpla a gana 
aaaoeiatad with or causative of eyatic 
fibrosis, conprislng containing tha aanpla, 
treated so aa to randar nuclaie aelda prasant 
in tha aanpla available for hybridisation with 
complementary ollgonuclaotlda probsa, undar 
approprlata conditions, with a pair of 
fluorophore- labeled ollgonuclaotlda probes, 
vharaln: 

*> a firat ollgonuclaotlda proba la comprised 
of a nuclaotlda aaquanca which hybridises 
to a ragion of hunan chronosonal DBA 
adjaeant to a ragion in which an 
elteretlon aaaoeiatad with cyatlc fibroais 
occura and la labalad with a first 
fluorophora at tha and which, upon 
hybridisation to tha ragion of hunan 
chronoaonal DBA, la cloaar to tha ragion 
In which tha alteration occura; and 
b) a aacond ollgonuclaotlda proba la 

conpriaad of a nuclaotlda aaquanca which 
hybrldlsaa to tha ragion of noraal hunan 
chronoaonal DBA which corraaponda to tha 
ragion in which tha alteration aaaoeiatad 
with cyatlc fibrosis occura and is labalad 
with a aacond fluorophora at tha and 
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which, upon hybridization to tho region of 
bnaan ehroaosoaal DNA, Is eloaer to tho 
firat probo; and aoparatad by a dlstaneo 
which allows tho officiant transfer of 
•nergy botwoon tho first and soeond 
fluorophore. 



9. A aetbod of Clala 8 whoroln hybridization of 
eoaplcaentary nucleotide sequences Is detected 
by deteralning fluoresconeo reeonanco energy 

10 tranafer. 

10. A aothod of Clala 8 wherein, upon 
hybridization, the two oligonucleotide probes 
are separated by a distance of two to four 
nucleotide basee. 

15 11. A aothod of detecting In a saaple a 

trinucleotide deletion of ehroaosoae seven 
associated with or causative of cystic 
fibrosis, eoaprlalag eoabinlng the saaple, 
treated so as to reader nucleic acids present 
in the saaple available for hybridization with 
eoaploaontary oligonucleotide probes, under 
appropriate conditions, with a pair of 
fluorophore -labeled oligonucleotide probee. 
wherein: 

25 a) a first oligonucleotide probo is coaprlsed 

of a nucleotide sequence which hybridises 
to a region of huaan ehroaosoaal DNA 
adjacent to a region In which said 
trinucleotide daletlon associated with 
cystic fibrosis occurs and Is labeled with 
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e first fluorophore tt the end which, upon 

hybridisation to tho region of huatn 

* 

chronosoaal OVA/ is closer to tho rogion 
in which tho . alteration occurs; and 
b) • soeond oligonuclootido probo is 

eoaprlsed of a nuclootido soquonco which 
hybridizes to tho rogion of normal bun an 
chroaosoaal DNA which corrosponds to tho 
rogion in which tho trinuclootido dolotlon 
of chroaosoao seven associatod with cystic 
fibrosis occurs and la labolod with a 
sacond fluorophoro at tho ond which, upon 
hybridisation to tho rogion of huatn 
chroaosoaal DNA, is closer to tho first 
probo; and soparatod by a distance which 
allows tho officiant transfer of onorgy 
between the first and second fluorophoro. 

A aethod of Clala 11 wherein hybridization of 
conpleaentary nucleotide sequences is detected 
by deterainlng fluorescence resonance energy 
transfer. 

A aethod of Clala 11 wherein, upon 
hybridisation, the two oligonucleotide probes 
are separated by a distance of epproxlaately 
two to four nucleotide bases, with longer and 
shorter dlstancee being acceptable as long aa 
energy transfer occurs. 

A aethod of diagnosing cystic fibrosis in an 
individual, eoaprislng the steps of: 
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) rendering nucleic acids praaent In a 
ssaple obtained froa th* Individual 
available for hybridisation with 
eoapleaentary ollgonuelootlda probes; 
eonblalng th* product of atop (a) with a 
pair of ollgonuelootlda probos, who rain: 
i) a flrat oligonucleotide probe la 

eoaprlsed of a nucleotide sequence 
which hybridises to a region In which 
an alteration associated vlth cystic 
fibrosis occurs end is labeled with a 
fluorophore at the end which, upon 
hybridisation to the region of huaan 
ehroaosoaal DBA, is closer to the 
region in which the alteration 
occurs; and 
ii) a saeond oligonucleotide probe is 
eoaprlsed of a nucleotide sequence 
which hybridises to the region of 
noraal huaan ehroaosoaal DBA which 
eorraaponds to the region in which 
the alteration associated with cystic 
fibrosis occurs and Is labeled with a 
fluorophore at the end which, upon 
hybridization to the region of huaan 
ehroaosoaal MA, is eloser to the 
first probe; 
c) detecting hybridisation of eoapleaeatary 
nucleotide sequences by deteralnlng 
30 fluorescence resonenee energy transfer; 
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coaparing tha fluoraacanca rttenanea 
anargy tranafar dtttralntd In stap (e) 
with tha fluoraacanca rasonanct anargy 
transfer vhlch occurs whan hybridization 
cakaa placa undar tha aaaa condition*. 
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Figure 5 
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